Osteoclastogenesis may be regulated via activation of the RANK/RANKL (receptor activator of nuclear factor-kappa B/ receptor activator of nuclear factorkappa B ligand) system, which is mediated by osteoblasts. However, the bone loss mechanism induced by T3 (triiodothyronine) is still controversial. In this study, osteoblastic lineage rat cells (ROS 17/2.8) were treated with T3 (10 -8 M, 10 -9 M, and 10 -10 M), and RANKL mRNA (messenger RNA) expression was measured by semiquantitative RT-PCR. Our results show that T3 concentrations used did not significantly enhance RANKL expression compared to controls without hormone treatment. This data suggests that other mechanisms, unrelated to the RANK/RANKL system, might be to activate osteoclast differentiation in these cells. 
INTRODUCTION

B
ONE RESORPTION BY OSTEOCLASTS and bone formation by osteoblasts are regulated by a variety of cytokines (IL-1, IL-4, IL-6, IL-11 und IFN-gamma) and growth factors (IGF-I, TGF-) (1) . Interaction of these factors in "basic multicellular units" acting locally on bone surfaces is thought to result in tight coupling of bone formation and resorption in bone-remodelling processes (2) .
In vivo receptor activator of nuclear factor-kappa B ligand (RANKL) is essential for osteoclastogenesis reg+ulation and its signaling pathway media-after treatment with T3 associated with 1,25 (OH) 2 D 3 , enhancing the RANKL/OPG ratio. Thus, they demonstrated that thyroid hormones induced RANKL mRNA expression and enhanced 1,25(OH) 2 D 3 -induced osteoclast formation .
On the other hand, Kanatani e cols. (11) , 2004, studying the mechanisms through which T3 stimulates osteoclast differentiation in both the presence and absence of osteoblastic cells, found that T3 (1pM-100nM) did not affect RANKL mRNA expression, but stimulated OPG expression, suggesting that the stimulatory effect of T3 on osteoclast differentiation was not mediated by the RANKL/OPG system.
Given that the available data on the influence of T3 on RANKL expression are scarce and conflicting, our purpose was to check whether T3 can induce RANKL mRNA expression in rat osteoblastic cells (ROS 17/2.8).
MATERIALS AND METHODS
Materials
HAM's F-12 culture medium, Dulbecco's phosphate buffered saline (FBS), tripsin and EDTA were obtained from GIBCO BRL, Grand Island, NY., USA; TRIzol reagent, SuperScript First-Strand Synthesis System for RT-PCR, fetal bovine serum (FBS), and primers from Invitrogen Corp., Carlsbad, CA, USA; 17 -estradiol (E 2 ), 1-3,5,3'triiodothyronine (T3) from Sigma Chemical Co., St. Louis, MO., USA, and cell proliferation reagent WST-1 from Roche.
Methods
Cell Culture ROS 17/2.8 cells, kindly provided by Dr. Cecília H.A. Gouveia (São Paulo University Biomedical Science Institute), were kept in HAM's F-12, antibiotic antimycotic, medium containing penicillin, streptomycin, and amphotericin (GIBCO BRL, Grand Island, NY., USA BRL) supplemented with 10% FBS in a humidified atmosphere at 37 C and 5% (v/v) CO 2 . For hormone treatment, cells were grown in a serum-free medium for 48 hours. The cell lineage used has thyroid hormone receptors (TR). tes humoral signs that regulate bone resorption and calcium metabolism (3) .
The balance of two peptides produced by stromal osteoblasts, osteoprotegerin (OPG) and RANKL is critical in the bone resorption process. RANKL stimulates osteoclast differentiation through its receptor RANK (receptor activator of nuclear factor-kappa B) (4-6), whereas secreted OPG, a member of the TNF receptor superfamily, acts as a soluble decoy receptor by binding RANKL and preventing RANKL-induced osteoclastic bone resorption (7) .
RANKL mRNA is expressed not only in bone tissue, but also in bone marrow and lymphatic tissue. Its main role in bone is to stimulate osteoclast differentiation and activation. RANKL mRNA and macrophage colony-stimulating factor (M-CSF) are the only two factors required for the completion of the entire osteoclast maturation cycle from their immature precursors (4).
Normal triiodothyronine (T3) concentrations are essential for normal bone metabolism. Hyperthyroidism may result in a deleterious effect on bone, leading to secondary osteoporosis. Thyroid hormones seem to affect bone by acting either directly on osteoclasts or via osteoblasts, stimulating bone resorption (5).
The best known mechanism for the activation of osteoclast differentiation, demonstrated in vitro, is that in which T3 stimulates osteoclastic bone resorption only in the presence of osteoblast co-cultures, indicating that osteoblasts are the primary T3 target (8) . In this case, osteoclastic differentiation would probably be mediated by RANKL, and T3 would always stimulate osteoclastic bone resorption in the presence of osteoblasts, but never in their absence (9) .
Given that thyroid hormone receptors (TRs) are present in osteoclast precursor cells, there could be another osteoclastic differentiation pathway. Thus, T3 would stimulate osteoclastic differentiation by directly activating osteoclast precursors in the absence of osteoblastic lineage cells being, therefore, independent from RANKL activation. 
Treatment Groups
T3 was added to the medium at concentrations of 10 -8 M, 10 -9 M, and 10 -10 M. A control group without T3 treatment was also used.
Hormone Stimulation
ROS 17/2.8 cells were plated in 100mm dishes (Nalgen Nunc International, Rochester, NY, USA). Upon reaching semi-confluence, cells were washed with Dulbecco's PBS and T3 was added to HAM's F-12 medium without FBS at the above concentrations. After 72-hour incubation with hormone medium, functional activity tests were performed. Treatments with each hormone concentration were repeated five times (n=5).
RNA extraction and Semiquantitative RT-PCR
RNA was extracted from cells cultures using 1ml TRIzol. Total RNA was analyzed by agarose gel electrophoresis, quantified by spectrophotometry at 260nm, and stored at -70 C; 1 g RNA was reverse transcribed using random hexamer priming (SuperScript FirstStrand Synthesis System for RT-PCR).
Complementary DNAs (DNAs) were amplified by RT-PCR, using primers for rat RANKL and cyclophylin as an internal control (Table 1) . Thirty cycles and 59.5ºC were used for semiquantitive RT-PCR reaction for the RANKL and cyclophylin genes. PCR reaction products were separated in 1% agarose gel and quantified with Labworks Analyses Software (UVP). Results were expressed as means between RANKL and cyclophylin (control) optical density.
Statistical analysis was done by non-parametric analysis of variance, complemented by the multiple comparisons test.
This research project was approved by the Research Ethics Committee of Botucatu School of Medicine, São Paulo State University -Unesp.
RESULTS
Expression of RANKL cellular resorption marker
RANKL expression in cells treated with T3 at 10 -8 M, 10 -9 M, 10 -10 M concentrations, and in the control group were 0.049 0.016, 0.073 0.022, 0.110 0.061, and 0.089 0.064, respectively. There was no significant difference between T3 concentrations (p>0.05) (Figure 1 ).
DISCUSSION
One of the possible differentiation pathways of osteoclast precursor cells into mature osteoclasts is via mediation of RANKL/RANK signal transduction. Takayanagi et al. (6) , 2002, showed that RANKL produced in osteoblasts binds to RANK, which is found in pre-osteoclasts, and thus promote their differentiation.
Triiodothyronine stimulates osteoblastic activity both directly and indirectly via several growth factors and cytokines (12) . In contrast, osteoclasts only reabsorb bone in the presence of osteoblastic cells (4, 8) . Therefore, the osteoclast differentiation activation process is probably dependent on an osteoblastrelated factor.
Although thyroid hormones increase the activity of both osteoclasts and osteoblasts in vivo and in vitro, little is known about their effects on target genes (13) . Transcription factor PU.1, which is expressed in osteoclast precursor cells, is known to be required for the initial stages of osteoclast differentiation. However, other factors, such as c-Fos, NF B, and Fra-1 (14) , are also essential for the stimulation of precursor cells differentiation into mature osteoclasts.
Kanatani e cols. (11), 2004 also examined the effect of T3 on the formation of osteoclastic cells from hematopoetic cells in the absence of osteoblasts and found that T3 stimulated osteoclast formation and increased c-Fos and Fra-1 expression in precursors, indicating that differentiation was probably activated by these factors.
Several cytokines, such as TNF and IL-1, are known to regulate osteoclast function and differentiation irrespective of the RANK/RANKL system (15). Tanabe e cols. (16) , 2005, showed that IL-1 stimulates osteoclastic cell formation by increasing M-CSF and PGE 2 production.
A couple of studies (17, 18) have shown that the deleterious effect on bone tissue caused by hyperthyroidism might be mediated by interleukin-1, IL-6, and tumor necrosis factor (TNF).
Since T3 did not affect RANKL expression in the cells in T3 concentrations used in this study, higher hormonal concentrations and further mechanisms for the activation of osteoclast differentiation should be considered. ROS 17/2.8 cells express many factors (cFos, IL-1, M-CSF e PGE2) that may regulate osteoclast differentiation independently from the RANK/ RANKL system (14) .
Further studies are necessary for the identification of the triggering mechanisms of osteoclast differentiation. 
